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RELATED APPLICATIONS 

[0001] This application claims the benefit of U.S. Provisional Application 
Nos. 60/418,308, filed 15 October 2002, and 60/444,256, filed 3 February 2003. Each of 
these applications is herein incorporated in its entirety by reference. In addition, this 
application is related to U.S. Application No. (not yet known), filed 10/14/03, titled 
"Colorimeter with High SNR" <attomey docket number SI003-US>, and to U.S. 
Application No. (not yet known), filed 10/14/03, titled "Colorimeter with Single Cable 
Low Impact Mounting System" <attomey docket number SI005-US>. Each of these 
applications is herein incorporated in its entirety by reference. 

FIELD OF THE INVENTION 

[0002] The invention relates to techniques for mounting sensors to surfaces, and more 
particularly, to a colorimeter configured with a suction cup array mount. 

BACKGROUND OF THE INVENTION 

[0003] Measurement instrumentation often involves the mounting of a sensor to a 
surface to be measured. The parameters to be measured vary with the field of interest and 
sensing transducer employed, yet common to many applications is the need to 
mechanically affix or position a sensor to a non-porous surface to be measured. For 
specialized conditions the sensor (such as a strain gauge) can be bonded directly to the 
surface to be measured. For many cases, however, the surface must be undisturbed after 
measurement. Such is the case of measurement of computer displays measured by 
colorimeters. 

[0004] Colorimeters are devices for measuring the spectral content of light, where the 
measured light can be emitted either directly or indirectly fi-om a given source. Recent 
developments have produced designs resulting in low cost colorimeters with performance 
characteristics approaching or exceeding professional quality required by the standards. 
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One such colorimeter design is described in detail in U.S. Patent Number 5,892,585, which 
is herein incorporated by reference in its entirety. With such cost effective, high- 
performance colorimeter designs available, a need has arisen for techniques for effectively 
mounting the colorimeter to the device being measured. In more detail, the physical 
factors relating to mounting a colorimeter to a target device present a number of non-trivial 
problems. 

[0005] For instance, it is necessary to ensure that the forces of attachment are minimized 
to reduce pressure applied to a computer having a liquid crystal display (LCD). Otherwise, 
color distortion or damage to the LCD will occur. Also, LCD screens are particularly 
sensitive to the distribution and magnitude of the mounting forces. Thus, it is desirable 
that the colorimeter be relatively easy to position and attach to the target device. In 
addition, it is necessary to shield the measuring system from extraneous light (light from 
sources other than the target device being measured), which will otherwise reduce the 
signal-to-noise (SNR) ratio of the colorimeter system. 

[0006] One conventional colorimeter design employs a strap or hanging apparatus for 
securing or otherwise suspending the colorimeter in front of a display screen. A donut- 
shaped foam pad or similar soft pad is used to keep the colorimeter from pressing too hard 
on the screen so. as to prevent color distortion. However, such designs are cumbersome to 
use due to the nature of the strap or hanging apparatus, and generally provide a significant 
impediment to simple user operation. Moreover, such designs may not operate to 
maximize the SNR of the colorimeter device, particularly those designs where the 
colorimeter's peripheral field of view is not limited. 

[0007] Other conventional designs employ one to four relatively large suction cups to 
hold the colorimeter in place. One such device uses a large annular suction cup fitted 
about a color sensor, where the sensor measures through the center. Another such design 
uses a large rubber suction cup with a rigid clear member through which a proximate 
sensor can measure. Another such embodiment employs four large suction cups, one at 
each comer of the sensing device. These suction cup methods each suffer from reliability 
issues. 

[0008] For example, if the seal fails due to an imperfection in materials or a particle of 
dust or debris, then air will leak into the cavity causing that suction cup to fail. With just 
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one suction cup, the device will simply fall off the target being measured. With the four 
comer type design, the weight of the device will be unevenly distributed, thereby causing a 
shift in alignment of the device and/or the failure of the remaining seals. This problem is 
fiirther exacerbated in that displays have a tendency to attract dust. Moreover, the suction 
cups used in such designs have a relatively large depth. As a result, a slow air leak will 
cause the distance between the screen and sensor to substantially increase, thereby 
adversely affecting device measurement accuracy. 

[0009] What is needed, therefore, are improved techniques for mounting a colorimeter to 
a target screen. 

BRIEF SUMMARY OF THE INVENTION 

[0010] One embodiment of the present invention provides a mounting system for 
attaching a sensor (such as a colorimeter) to a target screen. The system includes an array 
of suction cups adapted to hold the sensor in position on the target screen. Each cup in- the 
anay has a maximum displacement distance of 0.115 inches or less, thereby enabling / 
positional stability of the sensor. The maximum displacement distance defines a distance 
any one cup will move in transitioning from a fully engaged-state to a fully relaxed-state. 
A baseplate is operatively coupled to the array of suction cups, wherein the baseplate is 
adapted to be operatively coupled to a housing of the sensor or is part of the sensor 
housing. The array of suction cups can be, for example, a single piece of injection 
moldable elastomer or rubber. Also, the array can be integral with the baseplate, or can 
altematively be bonded to the baseplate. 

[0011] In one such embodiment the sensor is a colorimeter, and the system further 
includes a sensor hole located in the array that allows sensors of the colorimeter to receive 
light emitted from the target screen, and a sensor shield located about the sensor hole. This 
shield is adapted to shield sensors of the colorimeter from extraneous light generated by 
sources other than the target screen. The sensor shield can be formed, for example, as an 
integral part of the array using injection molding techniques. In another such embodiment, 
the system further includes one or more rigid stops located on the array, so as to establish a 
pre-set distance of the colorimeter to the target screen. Each stop has a height that allows 
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each of the suction cups to be fiiUy seated. Note that the one or more rigid stops can also 
be formed as an integral part of the array using injection molding techniques. 
[0012] The array may include, for example, an inner group of suction cups and an outer 
group of suction cups, and be a single piece of injection moldable elastomer or rubber. In 
such a case, the inner and outer groups of suction cups can each be arranged in respective 
rings, with each group having ten or more suction cups each having a maximum diameter 
of 0.250 inches or less. The number of cups, as well as the cup dimensions, can be 
selected given the particulars of the application (such as the weight of a colorimeter to be 
mounted, the type of target surface, and the desired/acceptable force required mounting 
and removing the system from the target screen). 

[0013] Another embodiment of the present invention provides a mounting system for 
attaching a colorimeter to a target screen at a pre-set distance. The system includes an 
injection molded array of suction cups adapted to hold the colorimeter in position on the 
target screen, and to control both the pre-set distance and variation of distance between the 
colorimeter and the target screen. The array includes an inner group of suction cups and an 
outer group of suction cups. Also includes is a sensor hole located in the array, so as to: 
allow sensors of the colorimeter to receive light emitted from the target screen, and a 
sensor shield located about a sensor hole located in the array. The sensor shield is adapted 
to shield sensors of the colorimeter from extraneous light generated by sources other than 
the target screen. Note that the array, sensor hole, and sensor shield can be fabricated as a 
single piece of injection moldable elastomer or rubber. 

[0014] In one. such embodiment, the array includes one or more rigid stops that operate 
to establish the pre-set distance of the colorimeter to the target screen. Each stop has a 
height that allows each of the suction cups to be fully seated. Each cup in the array can 
have, for example, a maximum displacement distance of 0.115 inches or less, thereby 
enabling positional stability of the colorimeter. In addition, each suction cup can have, for 
instance, a maximum cup diameter of 0.250 inches or less. The system may further 
include a baseplate that is operatively coupled to the array of suction cups, wherein the 
baseplate is adapted to be operatively coupled to a housing of the colorimeter or is part of 
the colorimeter housing. In one such embodiment, the baseplate is rigid and the system 
further includes a pull tab operatively coupled to one end of the baseplate and a pivot point 
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at an opposite end, thereby allowing the mounting system to be cantilevered off of the 
target screen during removal. 

[0015] Another embodiment of the present invention provides a mounting system for 
attaching a device to a target surface. The system includes an array of suction cups 
adapted to hold the device in position on the target surface, each cup in the array having a 
maximum displacement distance of 0.115 inches or less, thereby enabling positional 
stability of the device. The system further includes one or more rigid stops that operate to 
establish a pre-set distance of the device to the target surface, with each stop having a 
height that allows each of the suction cups to be fully seated. Each suction cup can have, 
for example, a maximum cup diameter of 0.250 inches or less. 

[0016] As will be understood in light of this disclosure, the device can be a colorimeter 
and the target surface can be a screen (e.g., LCD screen). In such a case, the system may 
further include a sensor hole and shield as previously stated. Note that the array, the 
sensor shield, and the one or more rigid stops can be a single piece of injection moldabie ^ 
elastomer or rubber. 

[0017] The system may further include a baseplate that is operatively coupled to the 
array of suction cups, wherein the baseplate is adapted to be operatively coupled to a 
housing of the device or is part of the device housing. In one such case, the baseplate is 
rigid and the system further includes a pull tab operatively coupled to one end of the 
baseplate and a pivot point at an opposite end, thereby allowing the mounting system to be 
cantilevered off of the target surface during removal. 

[0018] The features and advantages described herein are not all-inclusive and, in 
particular, many additional features and advantages will be apparent to one of ordinary 
skill in the art in view of the drawings, specification, and claims. Moreover, it should be 
noted that the language used in the specification has been principally selected for 
readability and instructional purposes, and not to limit the scope of the inventive subject 
matter. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] Figure la is a bottom view of a colorimeter mounting scheme configured in 
accordance with one embodiment of the present invention. 

[0020] Figure lb is a cross-section view of the colorimeter mounting scheme shown in 
Figure la. 

[0021] Figure 2a is a bottom view of a colorimeter mounting scheme configured in 
accordance with another embodiment of the present invention. 

[0022] Figure 2b is a cross-section view of the colorimeter mounting scheme shown in 
Figure 2a. 

[0023] Figure 3a is a bottom view of a colorimeter mounting scheme configured in 
accordance with another embodiment of the present invention. 

[0024] Figure 3b is a cross-section view of the colorimeter mounting scheme shown in 
Figure 3a. 

[0025] Figure 4 is a bottom view of a colorimeter mounting scheme configured in . 
accordance with another embodiment of the present invention. 

[0026] Figure. 5 is a cross-section view of a colorimeter mounting scheme configured in 
accordance with another embodiment of the present invention. 

[0027] Figures 6a-c illustrate dimensional details of a colorimeter mounting scheme 
configured in accordance with one embodiment of the present invention. 

[0028] Note that the figures are presented to facilitate understanding and clarity of 
individual features, and are not necessarily drawn to scale. 

DETAILED DESCRIPTION OF THE INVENTION 

[0029] Embodiments of the present invention provide a mounting system for screen 
mounted colorimeters capable of measurement of emitted light from sources that are static 
(e.g., LCD displays, illuminated printed or graphic matter) and/or temporally active (e.g., 
CRT displays or strobed printed and graphic matter). The mounting system minimizes or 
otherwise removes factors that contribute to undesirable results, including changes in the 
mounting distance (colorimeter body to screen) over time. In addition, the mounting 
system enables the distribution of mount forces so as to not distort the screen output in the 
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mount area or damage the screen, as well as to afford ease of removal of the colorimeter 
from the screen. 

[0030] Positional stability of mounting system is achieved by using an array of pliable, 
small suction cups. Each suction cup has a shallow bowl to facilitate a short displacement 
distance and positional stability of the mount. The overall array enables distribution of the 
mounting force to minimize or otherwise eliminate screen distortion. In addition, the 
mounting system requires a relatively low attachment force, thereby enabling easy 
positioning of the device, as well as ease of device removal. Thus, a light measurement 
system is enabled that can be readily mounted to a target device, and that can maintain 
desired measurement accuracy requirements. 

[0031] A mounting system configured in accordance with the principles of the present 
invention can include other features as well, such as the ability to stick or otherwise adhere 
to a number of target surface types, including nonporous, smooth surfaces such as glass, 
and the ability to leave no residue on the mounted surface once the mount is removed, In^^ 
addition, the mounting system disclosed herein contributes to device performance - 
repeatability, since a fixed or otherwise stable mount distance can be maintained with a - 
pre-defined distance between the device being measured and the mounting system. This 
stability further contributes to low cost and complexity, as optical lenses and/or other 
componentry used by conventional devices to compensate for variations in mounting 
distance can be eliminated. 

[0032] It will be appreciated in light of this disclosure that the principles of the present 
invention can be applied to applications other than the mounting of colorimeters, and in 
particular, wherever highly stable and repeatable, low-damage-impact mounting techniques 
are beneficially employed or otherwise desired. 

Structural Features of Mounting System 

[0033] Figures la through 5 demonstrate various structural features of a mounting 
system configured in accordance with the principles of the present invention. Numerous 
configurations and embodiments will be apparent light of this disclosure, and any of the 
various features may be employed alone or in combination for a particular configuration. 
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Thus, it will be appreciated that the invention is not intended to be limited to the illustrated 
example embodiments. 

[0034] Figures la and lb provide respective views of a colorimeter mounting scheme 
configured in accordance with one embodiment of the present invention. As can be seen, 
the mounting system includes a baseplate 10, a set of outer suction cups 20, a set of inner 
suction cups 30, and a sensing hole 40. Other componentry and features, such as a 
colorimeter for measuring light, a window pane over the sensing hole 40, and a power 
cord, may also be included. For purposes of discussion, assume that the mounting system 
is operatively coupled with a colorimeter. However, other devices could be coupled with 
the mounting system as well. 

[0035] The colorimeter (not shown) can be implemented in conventional technology, 
and includes a sensor that is adapted to receive light emitted from a target source via the 
sensing hole 40. In one particular embodiment, the colorimeter is configured as described 
in U.S. Patent Number 5,892,585, although other colorimeters can be used here as welK, 
The mounting system allows the colorimeter to be mounted to the surface of an electronic 
display, computer screen, or TV while measurements of the light displayed on the display, 
screen or TV are conducted. Measurements include, for example, luminance and 
chromaticity, as well as other parameters. 

[0036] The baseplate 10 is configured with a suction cup array including a number of 
suction cups arranged in a desired pattern. In this case, the selected pattern includes a ring 
of outer suction cups 20 and a ring of inner suction cups 30. The sensing hole 40 is cut 
through the baseplate 10 and aligns to the sensing window of the colorimeter. The 
configuration (e.g., shape, location of sensing hole) of the baseplate 10 can generally be 
adapted to accommodate the colorimeter or other device that is being mounted. In this 
case, the circular shape of the baseplate 10 and the inner and outer suction cup groups 
20/30 can be attributed to a circular-shaped colorimeter. It will be apparent in light of this 
disclosure, however, that other shapes for the base plate and suction cup array pattern are 
possible. 

[0037] In one particular embodiment, the baseplate 10 and the inner and outer suction 
cup groups 20/30 are fabricated as a single molded piece of injection moldable elastomer 
or rubber. Here, the suction cup array formed from the baseplate 10 with the inner and 
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outer suction cup groups 20/30 can be integrally-molded or over-molded as part of the 
colorimeter housing. Altematively, the baseplate 10 can be a rigid piece of metal or plastic 
cut to an appropriate shape, and a suction cup array formed with the inner and outer 
suction cup groups 20/30 can be a single injection molded construction of elastomer or 
rubber. This separately fabricated suction cup array can be coupled with the baseplate 10 
using an adhesive or other suitable fastening mechanism. The combined assembly can 
then be fastened to the colorimeter housing. Altematively, the rigid baseplate 10 can be 
integral to the housing of the colorimeter, and the separately fabricated suction cup array 
can be coupled accordingly. 

[0038] Material ALCRYN 2260 is one example of a thermoplastic elastomer which is 
injection moldable, and can be used to form the baseplate and or suction cup array. This 
rubber-like material blend is well-suited to achieve low viscosity requirements during 
molding while supplying desired material properties. LOCTITE 401 and Prism primer are 
example adhesives that can be used to bond the suction cup array to a rigid support pieces 
or device housing made from, for example, ABS/PC plastics. Note that the mounting 
system can be integral to the colorimeter or other mountable device having similar , 
mounting requirements. 

[0039] A suction cup array configured in accordance with the principles of the present 
invention provides many smaller cups for a more distributed and reliable suction. If one 
fails or leaks, many more still ensure proper distribution of the related forces with no 
overall failure. In addition, injection molding a single piece provides many operable 
suction cups at the cost of one part. Also, because each cup of the array is small in 
diameter and not too deep, the movement (relative to a target surface) associated with 
transitioning from an engaged-state to a relaxed-state for any given cup is relatively short. 
Thus, even if the mounting system relaxes a bit, the change in mounting distance is short 
compared to conventional techniques that employ one to four larger suction cups. 

[0040] Also, the suction cup array is configured to require a low removal force so that it 
is easy to peel off or otherwise remove from the target surface of the device under test. In 
more detail, the multitude of suction cups need not be removed all at once, but rather can 
be removed in a more singular fashion by essentially peeling the edge of the suction cup 
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array off the target surface. Additional dimensional details of the suction cup array 
architecture will be discussed in more detail in reference to Figures 6a-c. 

[0041] Figures 2a and 2b provide respective views of a colorimeter mounting scheme 
configured in accordance with another embodiment of the present invention. This 
embodiment is similar to that discussed in reference to Figures la-b, and further includes a 
rigid stop 50. In this example, the rigid stop 50 is a ring-shaped ridge disposed on the 
outer perimeter of the baseplate 10. The stop 50 helps to establish a pre-set distance of the 
colorimeter device to the target screen, and has its height set accordingly (so that the 
suction cups of the array can be fully seated). The stop 50 can be, for example, formed as 
an integral part of the suction cup array using injection molding techniques as previously 
described. 

[0042] Alternatively, the stop 50 can be a separate part, such as a pre-formed rubber ring 
having suitable dimensions. This separate part can be operatively coupled to the array of 
suction cups using conventional bonding or attachment techniques. Note that the ^ 
configuration of the stop 50 can vary. For example, the location of the stop 50 can be y. 
between the inner and outer suction cup. rings. Alternatively, or in addition to, the stop 50 . 
can be a series of shorter segments or a set of strategically placed posts rather than a 
continuous ring.. Also, the shape of stop 50 can vary (e.g., rectangular or square). So long 
as the stop 50 operates to establish the distance of the mountable device to the target 
screen. 

[0043] Figures 3a and 3b provide respective views of a colorimeter mounting scheme 
configured in accordance with another embodiment of the present invention. This 
embodiment is similar to that discussed in reference to Figures la-b, and further includes a 
sensor shield 60. In this example, the sensor shield 60 is a ring-shaped ridge disposed on 
the outer perimeter of the sensing hole 40. The shield 60 operates to shield the sensors of 
the colorimeter from extraneous light or light noise generated by sources other than the 
target source being measured, and has its height set accordingly (so that the suction cups of 
the array can be fully seated). The shield 60 should be supple enough so as to yield when 
it contacts the target surface, thereby forming an effective light seal. 

[0044] The shield 60 can be, for example, formed as an integral part of the suction cup 
array using injection molding techniques as previously described. Alternatively, the shield 
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60 can be a separate part, such as a pre-formed rubber ring having suitable dimensions. 
This separate part can be operatively coupled to the array of suction cups using 
conventional bonding or attachment techniques. 

[0045] Figure 4 is a bottom view of a colorimeter mounting scheme configured in 
accordance with another embodiment of the present invention. As can be seen, the array of 
suction cups can be formed from many diverse patterns. Here, baseplate 10 is rectangular 
shaped, and has a sensing hole that is off-center. The outer suction cups 20 are disposed 
proximate the outer perimeter of the baseplate 10, while the inner suction cups 30 are 
disposed about the sensing hole 40. Additional features of this particular embodiment 
include a rigid stop 50 in two distinct locations (50a and 50b), and a sensing shield 60 that 
is provided about the sensing hole 40. 

[0046] Rigid stop 50a is disposed in a rectangular shape on the elongated side of the 
baseplate 10, while 50b is disposed in a line shape between the sensing hole and the 
adjacent side. As previously stated, the purpose of the rigid stop 50a/b is to establish a pre- 
set distance of the colorimeter device to the target screen. Its height is set so that the 
suction cups of the array can be fully seated. The sensor shield 60 operates to shield the 
sensors of the colorimeter from extraneous light, and has a height substantially equal to or 
slightly taller than that of the stops 50a^. Note that the sensor shield 60 can be made more 
supple (e.g., because it is narrower) than the stops 50a^. This will allow for a robust seal 
to prevent extraneous light from entering the sensor area. This shielding feature aids a 
sensor in its ability to measure very small levels of light at high accuracy since only light 
from the target is measured. 

[0047] Note that this entire structure can be formed by injection molding techniques as 
previously discussed. Altemative embodiments may be fabricated using separate parts 
(e.g., separate shield 60 and stops 50a-b) that are bonded or otherwise operatively coupled 
to form the overall structure. Further note that the previous discussion as to the various 
levels of integration and configurations of the baseplate 10, suction cup array, and 
colorimeter housing equally apply here. 

[0048] Figure 5 is a cross-section view of a colorimeter mounting scheme configured in 
accordance with another embodiment of the present invention. This particular embodiment 
includes a pull-tab 70 that is integrally formed or otherwise operatively coupled to a 
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suction cup array 80. The tab 70 is of sufficient size so as to allow an operator to grip and 
pull the tab during the removal process. Assuming a rigid design (where the 
baseplate/array configuration will generally not bend), a pivot point is defined at the end 
opposite the pull tab 70. Here, note that the pivot point is effectively part of the rigid stop 
50, and enables a cantilever effect in conjunction with an operator pulling the tab 70 during 
the removal process. 

[0049] As discussed in reference to other embodiments, the suction cup array 80 is 
formed or otherwise disposed on the baseplate 10. In general, the suction cups of the array 
can be placed in any number of patterns to provide optimum force and position control as 
desired based on the particular application and embodiment. The actual array pattern is 
based on a number of considerations. For example, the number of suction cups in the array 
and/or the physical properties of the suction cup material can be varied so that the force to 
apply and remove the mounting system are suitable, and so that the retention force is 
capable of carrying the required load (e.g., the weight of the colorimeter assembly).^*, 
Likevvise, the dimensional aspects of the suction cups (e.g., diameter, depth, and thickness 
of the cups) can be varied so that the forces required to apply and remove are suitable for a 
given application. 

[0050] The removal force further depends, for instance, on the rigidness of the design, 
and in particular, whether the suction cups of the array can be released at least semi- 
sequentially (assuming a flexible design allowing the mounting system to be peeled off the 
target surface like a band-aid), or whether the suction cups of the array must be effectively 
released simultaneously (assuming a rigid design allowing the mounting system to be 
cantilevered off the target surface). The pull tab 70 arrangement will also impact the 
removal force, providing greater mechanical advantage. The walls of each cup can 
generally be thin (e.g., 0.010 to 0.050 inches), and the cup stiffness can therefore be 
assumed negligible. 

[0051] The removal force from one suction cup can be estimated by F = P • A, where F is 

o 

the removal force at release (i.e., the time at which the cup seal fails), A is the area to 
which the force is applied, and P is the pressure differential between the inside and outside 
of the cup. The area A = tc^D^ / 4, where is the cup diameter at the instant of release, 
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an the pressure P — Patm " * where Patm atinospheric .pressure external to the cup 
and Pj is the pressure internal to the cup. Note that Pj increases toward atmosphere until 
seal fails at release. 

[0052] Assuming a rigid mounting system design that is cantilevered off the target 
surface, the total removal force would be F • N, where F is the removal force for one 
suction cup and N is the number of cups in the array. This further assumes that each cup is 
substantially identical and requires approximately the same removal force, F. Note, 
however, that alternative embodiments of the invention may employ a suction cup array 
utilizing non-uniform cup diameters. 

[0053] For example, suction cups at and/or near the pivot point end of the mount can 
have a larger diameter to provide greater holding power, while suction cups at and/or near 
the pull tab 70 end of the mount can have a smaller diameter to provide less holding 
power. The mechanical advantage provided by the cantilever effect will assist in removing 
the cups with greater holding power. In such a non-uniform embodiment, the total ^ 
removal force, ZF, is Fj + F2 + F3 ... F^sj,- where array has a total of N suction cups, and the 
individual removal forces of each of the suction cups 1 through N are added. 
Dimensional Details of Mounting System 

[0054] Figures 6a illustrates dimensional details of a colorimeter mounting scheme 
configured in accordance with one embodiment of the present invention. All noted 
dimensions are in inches. It will be appreciated that the mounting system configured in 
accordance with the principles of the present invention can have numerous dimensions, 
depending on the particulars of a given application, as will be apparent in light of this 
disclosure. The example dimensions are provided in the name of robust disclosure and to 
demonstrate one possible embodiment. However, the present invention is not intended to 
be limited to any one such configuration or embodiment. 

[0055] Here, the baseplate 10 is round and has an outer ring of suction cups 20 and an 
inner ring of suction cups 30, such as discussed in reference to Figures la-b. In addition, 
the array of suction cups is further configured with a sensing hole 40, a rigid stop 50, and a 
sensor shield 60 which operate as previously discussed. The outer ring of suction cups 20 
includes eighteen evenly spaced cups on a 1.560 bolt circle, while the inner ring of suction . 
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cups 30 includes twelve evenly spaced cups on a 1.024 bolt circle. The outer diameter of 
each cup is about 0.240. 

[0056] In this particular embodiment, the array of suction cups, including suction cups 
20 and 30, the sensing hole 40, and the rigid stop 50, is formed with injection molding 
techniques using a low viscosity thermoplastic elastomer blend of 96% ALCRYN 2250 
UT with 4% ALCRYN 2260 BK by weight. The black color of the BK material renders 
the UT material nearly opaque. Note that other blends can be used here as well, or a non- 
blend, such as 100% ALCRYN 2250 UT, which would provide a transparent suction cup 
array. Note such transparency can be used to eliminate the need for a sensing hole, but 
may implicate a more involved shielding scheme if shielding is desired. The formed array 
is bonded to the ABS/PC plastics of a colorimeter housing with LOCTITE 401 with 
PRISM primer. 

[0057] The mold used to make the array has certain qualities that provide desired 
qualities of the formed array, and facilitate its fabrication. In particular, areas of the mold 
that correspond to flat, non-suction cup areas of the array are configured with a slightly 
rough EDM (electric discharge machining) finish. This allows the thermoplastic elastomer 
material to release from the mold. The mold areas that correspond to the inner bowl area 
of the suction cups are highly polished, which provides a smooth bowl surface. This 
assures good vacuum holding power. 

[0058] Each cup in the array is designed to collapse during ejection from the mold/tool, 
which helps in getting the array of the tool. Note that these design aspects of the suction 
cups also control the desired holding force and variation in cup displacement. In more 
detail, the mold generally has a length, width, and thickness. In addition, many suction 
cup shapes or "cup sub-molds" are defined in the major front surface of the mold. These 
sub-molds form the bowl shape of each cup and the narrower cup neck that connects the 
cup to the major back surface of the array. Thus, the cross-section of a cup's widest 
diameter is designed to collapse and pull through the smaller neck diameter of the mold, 
without damaging the formed cup. 

[0059] The major back surface of the mold can be a removable plate so that the formed 
array can be accessed after injection and cooling of the material. This detachable major 
back surface is generally configured with one or more runners for filling the mold with the 
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material. The low viscosity of ALCRYN enables rapid filling of the mold via a single, 
vsdde (e.g., one half inch) runner coupled to the center of the back plate. Greater viscosity 
materials may require multiple ruimers. In any event, once the rubber or elastomer 
material is flowed into the mold and cooled, the major back surface of the mold can be 
removed, so that the array can be peeled out of the mold. Gate material left by runners, as 
well as other excess material (if any), can be trimmed during secondary operations (e.g., 
die cut operation to trim excess material and clean array). 

[0060] Release materials, such as silicon, can be used to aid this removal process. Note 
that a chemical wash can be used to remove residue of the release material to avoid leaving 
any such residue on a target surface (e.g., LCD display screen) when the mounting system 
is deployed. 

[0061] Figures 6b and 6c each show exploded views of a suction cup included in the 
array. The dimensions are drawn to illustrate various features, and are not drawn to scale. 
Note that the inner surface of the cup can be highly polished (based on the mold as^^. 
previously discussed) to provide strong suction capability. Further note that the thickness . 
of each cup can vary within a range, where the thinner wall section is at the widest 
diameter of the cup, and the thicker wall section is near the neck that couples the cup to the 
major plane of the array. Here, it can be seen that the formed array releases from the 
mold/tool by the cup features collapsing within the smallest cross-sectional area of part, 
which is the neck portion. 

[0062] Each suction cup has an engaged-state (where the cup is fully seated), a relaxed- 
state (where the cup is not seated), and a displacement distance. The displacement distance 
is the distance the cup will move between when transitioning from the engaged-state to the 
relaxed-state. In accordance with the principles of the present invention, the suction cups 
of the array are configured to provide a short displacement distance, thereby enabling 
positional stability. In this particular example, the displacement distance is approximately 
0.023 inches or less. The outer cup diameter here is 0.240 inches, and the inner cup 
diameter is about 0.230 inches. Other embodiments may have a different displacement 
distances and maximum diameters. An example range of displacement distances is from 
0.015 to 0.1 15 inches, and a range of maximum cup diameter can be 0.250 or less. The 
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goal here is to reduce or otherwise eliminate variation in the mounting distance relative to 
the target surface. 

[0063] The foregoing description of the embodiments of the invention has been 
presented for the purposes of illustration and description. It is not intended to be 
exhaustive or to limit the invention to the precise form disclosed. Many modifications and 
variations are possible in light of this disclosure. It is intended that the scope of the 
invention be limited not by this detailed description, but rather by the claims appended 
hereto. 
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